In most of the industries tanks are used for mixing process. Normally, cylindrical tanks, cylindrical tanks with conical bottoms are used. Spherical tanks can be used to replace the conventional tanks, beacause of its increased production efficiency due to thorough mixing and discharging of materials, due to its cross section area. Controlling liquid level in it is highly challenging. Interacting spherical two tank system (ISTTS) is considered as nonlinear system in this paper. ISTTS is highly nonlinear system due to variation in cross area with respect to flow of liquid. Controlling the liquid level is highly challenging task in this system. Hence, heuristic algorithm such as Bacterial foraging optimization (BFO) based PID, BFO based I-PD controller is designed for the system. Heuristic algorithm is an optimization technique, which solves problem more easily than classic methods. BFO I-PD controller has no peak overshoot when compared to BFO PID controller in the servo response.
INTRODUCTION
Normally, nonlinear problems are very much problematic to be solved and they cannot be understood as easily as linear problems. Maintaining the level of liquid in the tanks in a desired value and also the flow in between the tanks are the two important problems seen in the process industries. Here in these process industries the liquids are pumped and they are stored in the tanks and later they are pumped to second tank (Schweickhardt, and Allgower, 2007) . Every time the liquid level in the tanks must be tested. The cross section and non-linearity of the nonlinear tank like spherical tank will be changing constantly so that the controlling of the level of the liquid is a challenging one. Hence, maintaining the control of liquid level in the tank is very important task in the process industries (Bequette, 1991) . The advantages of Spherical Tank which is a nonlinear tank are inexpensive, intensified in production and product loss is less. These spherical Tanks are widely used in various process industries like petrochemical, water treatment and paper making industries.
PROCESS DESCRIPTION
A setup is considered that contains a pair of nonlinear spherical Tanks. These spherical tanks are names as Tank1 and Tank2 (Sakthivel, Anandhi and Natarajan, 2011) . Let the height of the tank is named as H and its value is considered as 50 cm and the radius R is considered 25 cm. The Restriction R 1 interconnects the two Spherical Tanks. The input streams are named as F1 in and F2 in for the Tank 1 and Tank 2 respectively. Similarly the output stream of the Tank 2 is named as F out that flows through the restriction R 2 to the storage tank (Dinesh Kumar, Dinesh and Gautham, 2013; Reshma and Sumathi, 2015) .
The fluid heights are measured by a differential Pressure transmitter which transmits in the form of 4 -20 mA current signals to an interfacing unit of the Computer. Here the liquid level (h2) in the Tank 2 needs to be controlled. And similarly the input flows F1 in and F2 in are measured by the Magnetic Flow transmitter which transmits in the form of 4 -20 mA current signals to an interfacing unit. The schematic of Spherical Tank is shown in above Figure1.
The model of the Tank 1 is represented as,
Taking Linearization equation (1) becomes
(2)
Figure 1. Schematic of Spherical Tank
Applying partial differentiation to equation (2),
On rearranging equation (3),
Applying Laplace transformations to this equation, 
The model Tank 2 is represented as,
Taking linearization,
Applying partial differentiation to equation (6),
Applying Laplace transformation , 12 2 12 2 2 2 1
Substituting (4) in (8) 
Let us assume,
Substituting the above variables in (9), we get transfer function of TTSIS relating h 2 and Fin1 
BFO ALGORITHM
Bacterial Foraging Optimization (BFO) algorithm is a new division of a biologically inspired random probabilistic search technique. It is usually based on the technique of imitating the foraging which includes the methods for handling, locating and absorbing food of Escherichia coli bacteria (E.Coli bacteria). Based on the merits like increased computational efficiency, simple in implementation and steady convergence, this is widely used to solve the complex engineering optimization problems (Rajinikanth and Latha, 2011) .

In this technique, an objective function is posed as an effort or a cost incurred by these bacteria that helps to search for food. An optimum fitness will reach with a set of artificial bacteria by following four different stages namely chemotaxis, swarming, reproduction, elimination and dispersal. As there are huge numbers of bacteria there are huge numbers of solutions. Hence, for one set of optimal values of the parameter search the bacterium will generate a solution. Normally all the bacteria must be a converge to global optimum. In the initial stage thatis chemotaxis stage, the bacteria may run or swim. This is the motion stage of the bacteria which is accomplished through tumbling and swimming.
Each Escherichia coli bacterium will be trying to send a signals to the another bacterium such that the attractants swarm in the swarming stage. In the next stage called reproduction stage the unhealthy bacteria will die and the healthiest bacterium will splits into two bacteria, and they will be placed at the same location (Bharat and Singh, 2011) . During the next stage called elimination and dispersal stages, any of the bacterium from the overall set may be eliminated or dispersed to the random location at the time of optimization. The bacterium that attains the local optimum may be prevented in this stage. Let us consider h to be the position of a bacterium and let J(h) be the value of the objective function, then the conditions are, J(h) < 0, J(h) > 0 and J(h) = 0, shows whether the bacterium at location h is in the nutrient rich , noxious and neutral environments respectively (Mario, et al., 2010) .
The important stage among four stages is chemotaxis, which decides the direction in which way the bacterium has to move. Based on the rotation of the flagella, each bacterium will decide if it should move in the predefined direction (swarm) or to move in various directions (tumble). The BFO search directs the bacteria towards the food source with the action such as swimming and tumbling. In swimming, it can move in a desired path and in tumbling action, the bacteria can change the direction of search. A bacterium will be executing these two operations continuously during its entire lifetime. The bacteria can also together reach the desired optimum path. When each bacterium moves, it may send a signal that attracts other bacteria to swarm towards it (Kandasamy and Vijayachitra, 2014) . Each of the bacterium releases a repellent to warn the other bacteria by keeping a safe distance from them.
After number of chemotactic steps, the next step that is reproduction step starts. The number of bacteria S is considered as a positive even integer. In order to get the reproduction without any mutation, the number of population members having sufficient nutrients is chosen. For the reproduction process, the population is sorted in the ascending order of the accumulated cost. Then the unhealthy bacteria will die and each of the other healthiest bacteria will splits up into two which will be placed in the same location. This method rewards a bacterium which has encountered lot of nutrients and they allow maintaining a constant population size.
If N ed be the number of elimination-dispersal events, then every bacterium in the population is subjected to elimination-dispersal that is within a probability P ed . The frequencies of the chemotactic steps are assumed to be a greater than the frequencies of the reproduction steps that are in turn greater than the frequencies of the elimination-dispersal events (Madasamy and Ravichandran, 2014) .
With the help of the BFO Algorithm the Kp, K i , K d values of PID and I-PD controllers are designed (Dwyer, 2006; Sakthiya Ram, Dinesh Kumar and Meenakshipriya; 2016; . Much iterationis done and the mean value is considered for the comparison. The time domain specifications and the error indices are calculated and tabulated. 
RESULTS AND DISCUSSIONS
The simulation is done for the mean value of the much iteration. The servo and regulatory response of the controllers are shown in the Figure 2 and Figure 3 respectively. Servo response infers that BFO I-PD controller has no peak overshoot compared to BFO PID controller. Regulatory response infers that the controller is able to track the disturbance and reaches the set point desired. Table 2 and table 3 represent 
CONCLUSION
Interacting spherical two tank system is considered as the nonlinear process. BFO based PID and I-PD controller are designed for the liquid level control. From the results it is inferred that peak over is reduced by BFO based I-PD Controller. Error indices are less in BFO based PID controller. The controller is able to track the set point changes and disturbances provided. Further, work can be extended by tuning Hybrid algorithms to the process and better results can be obtained. 
